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(57) An objective of the invention is to provide a 
coated conductive particle having superior connection 
reliability, a method for manufacturing such coated con- 
ductive particle, an anisotropic conductive material and 
a conductive-connection structure. 

A coated conductive particle comprising a particle 
having a surface made of conductive metal and an in- 
sulating particles to coat the surface of the particle hav- 



ing the surface made of conductive metal there with, 
wherein the insulating particles are chemically bonded 
to the particle having the surface made of conductive 
metal via a functional group (A) having a bonding prop- 
erty to the conductive metal so that a single coating layer 
is formed. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a coated conductive particle having superior connection reliability, a method 
for manufacturing such coated conductive particle, an anisotropic conductive material and a conductive-connection 
structure. 

BACKGROUND ART 

10 

[0002] Particles, each having a metal surface, have been used as various resin fillers, modifying agents and the like, 
and in addition to these usages, those particles are mixed in a binder resin as conductive particles, and used as so- 
called anisotropic conductive materials that electrically connect miniature-size electrical parts such as semiconductor 
elements to circuit boards, or electrically connect circuit boards to each other, in electronic products such as liquid 

15 crystal displays, personal computers and portable communication devices. 

[0003] In recent years, along with the developments of miniature-size electronic apparatuses and electronic parts, 
wires on circuit boards and the like have become finer, and under these circumstances, conductive particles have been 
made further finer, and the precision of particle sizes has been improved. In order to ensure high connection reliability, 
it is necessary to increase the blended amount of conductive particles in an anisotropic conductive material, and in the 

20 case of a circuit board and the like having such fine wires, conduction or the like in a lateral direction may occur between 
adjacent conductive particles to cause problems of short circuit and the like between adjacent electrodes. In order to 
solve these problems, an anisotropic conductive material, which uses conductive particles of which surfaces are coated 
with an electrical insulating material, has been proposed. 

[0004] With respect to the method for coating the surfaces of conductive particles with an electrical insulating material, 

25 for example, Japanese Kokai Publication Hei-4-362104 has disclosed a method in which an interface polymerizing 
process, a suspension polymerizing process, an emulsion polymerizing process or the like is carried out in the presence 
of conductive particles so that the particles are encapsulated in an electrical insulating resin, Japanese Kokai Publi- 
cation Sho-62-401 83 has disclosed a method for forming microcapsules with an electrical insulating resin by a dipping 
process in which conductive particles have been dispersed in the resin solution, and then dried, and Japanese Kokai 

30 Publication Hei-7-105716 has disclosed methods in which a hybridization process are used for this purpose; and in 
addition to these methods, methods using vacuum vapor deposition and the like have been known. 
[0005] In these methods, however, it is difficult to form an insulating coating layer with a constant thickness, and in 
some cases, a plurality of conductive particles are simultaneously coated. In the case where conductive connection is 
made by using coated conductive particles, if the thickness of the insulating coating layer is not uniform, a pressure is 

35 not transmitted uniformly upon fixing the layer between electrodes even when the particle size of the conductive par- 
ticles is precisely controlled, with the result that a defective conduction may occur. For example, in the case of the 
above-mentioned formation method of the insulating coat by the hybridization process, since insulating resin particles 
to form a coating layer are made to adhere to the surfaces of the conductive particles by a physical force in this method, 
it is not possible to form the coating layer on the surface of each of the conductive particles as a single layer, with the 

40 result that it becomes difficult to control the thickness of the insulating coating layer, and since the resin particles are 
fused and deformed due to heat and impact caused by the heating process and frictionai heat, it is difficult to prepare 
an uniform coating layer. Moreover, since the contact area between the insulating resin particles and the metal surface 
becomes greater, it is difficult to remove the insulating coating layer in the case where a device to which it is difficult 
to apply heat and pressure, such as a liquid crystal element, is used, with the result that a defective conduction may 

45 occur. 

[0006] Japanese Kokai Publication Hei-4- 259766 and Japanese Kokai Publication Hei-3-1 12011 have disclosed 
coated conductive particles in which insulating particles are adhered weakly to the surfaces of conductive particles by 
an electrostatic interaction and a hybridization method. However, in the coated conductive particles obtained by these 
methods, since a bonding force between the insulating particles and the conductive particles, which is dependent only 
50 on Van der Waals force or electrostatic force, is very weak, insulating particles are separated from the conductive 
particles by dispersion in a binder resin and contact between adjacent particles. As a result, failing to ensure a sufficient 
insulating property occur. 

[0007] Moreover, conventionally upon forming an anisotropic conductive material by dispersing such coated con- 
ductive particles in a binder resin, those coated conductive particles having a coating layer that is non-compatible to 
55 the binder resin, solvent and the like have been used. For example, Japanese Kokai Publication Hei-4-362104 has 
disclosed a polymer coating method for metal particles in which a homopolymer layer or a copolymer layer that is non- 
compatible to a binder resin is formed on the surface of metal particles; Japanese Kokai Publication Sho-62-401 83 
has disclosed an electrical connecting sheet which is formed by dispersing conductive particles in a hot-melt type 
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insulating adhesive, and is characterized in that the conductive particles are coated with a resin that is non-compatible 
to the hot-melt type insulating adhesive; and Japanese Kokai Publication Hei~7-10571 6 has disclosed coated conduc- 
tive particles each of which is composed of an insulating core material, a conductive layer formed on the core material 
and an insulating layer that covers 0.1 to 99.9% of the area of the conductive layer. 

5 [0008] However, when the conductive particles each of which has a coating layer that is non-compatible to a binder 
resin are used, affinity in the interface between the binder resin and the coated conductive particles becomes poor, 
with the result lhat the coated conductive particles dispersed in the binder resin may cause a phase separation and 
the like and the resulting poor connecting stability. In particular, in the case of an anisotropic conductive film and an 
anisotropic conductive adhesives using thermosetting resin as a binder resin, since the affinity in the interface between 

10 the binder resin and the coated conductive particles is poor, a separation occurs in the interface between the binder 
resin and the coated conductive particles after the binder resin has been cured by thermocompression bonding, failing 
to ensure long-term stability and reliability in connection. Moreover, in the case where coated conductive particles are 
dispersed in the binder resin such as a sealing agent or the like in order to maintain a gap between the electrodes as 
well as between liquid crystal panels, since the resin used for forming the coating layer is no n -compatible to the binder 

15 resin, there is a problem that coated resin thermally fused may bleed out to pollute electrodes, liquid crystal and the like. 

SUMMARY OF THE INVENTION 

[0009] An objective of the present invention is to provide a coated conductive particle having superior connection 
20 reliability, a method for manufacturing a coated conductive particle, an anisotropic conductive material and a conduc- 
tive-connection structure. 

[0010] A first aspect of the present invention relates to a coated conductive particle comprising a particle having a 
surface made of conductive metal and an insulating particles to coat the surface of the particle having the surface 
made of conductive metal there with, wherein the insulating particles are chemically bonded to the particle having the 

25 surface made of conductive metal via a functional group (A) having a bonding property to the conductive metal so that 
a single coating layer is formed. The particle having the surface made of conductive metal preferably comprises a core 
particle made from a resin and a conductive metal layer formed on the surface of the core particle. The above-mentioned 
insulating particles preferably have an average particle size of not more than 1/10 of the average particle size of the 
particle having the surface made of conductive metal and also have a CV value of the particle size of not more than 

30 20%, and are preferably brought into contact with the surface of the particle having the surface made of conductive 
metal at not more than 20% of the surface area. Moreover, the above-mentioned insulating particles may be softer 
than the particle' having the surface made of conductive metal, and in this case, the particles may be made from a 
crosslinking resin. Here, the above-mentioned insulating particles may be harder than the particle having the surface 
made of conductive metal. Moreover, the above-mentioned insulating particles preferably have a positive charge, and 

35 are preferably made from a resin having an ammonium group or a sulfonium group. The functional group (A) having 
a bonding property to metal is preferably a thiol group or a sulfide group. 

[001 1 ] In another aspect of the present invention, a method for manufacturing the coated conductive particle of the 
first aspect of the present invention is provided with at least a step 1 of allowing insulating particles to aggregate onto 
the particle having the surface made of conductive metal by a Van der Waals force or an electrostatic force in an organic 
40 solvent and/or water, and a step 2 of chemically bonding the particle having the surface made of conductive metal and 
the insulating particles to each other. 

[0012] A second aspect of the present invention relates to an anisotropic conductive material in which the coated 
conductive particle of the first aspect of the present invention is dispersed in an insulating binder resin. The binder 
resin is preferably an adhesive being cured by heat and/or light. Further, thefunctional group belonging to the insulating 
45 particles of the coated conductive particle is preferably chemically bonded to the functional group in the binder resin, 
and in this case, the functional group belonging to the insulating particles of the coated conductive particles to be 
chemically bonded to the functional group in the binder resin is preferably an epoxy group. The above-mentioned 
anisotropic conductive material is preferably an anisotropic conductive adhesive. 

[0013] A third aspect of the present invention relates to a conductive-connection structure which is conduction-con- 
50 nected by the coated conductive particle of the first aspect or the anisotropic conductive material of the second aspect. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0014] Fig. 1 is a schematic drawing that shows a silicon wafer circuit board having a comb-shaped pattern, which 
55 is used in an example. 
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DETAILED DISCLOSURE OF THE INVENTION 

[0015] The following description will discuss the present invention in detail. 

[0016] In accordance with the first aspect of the present invention, each of the coated conductive particles comprise 
5 particles each having a surface made of conductive metal (hereinafter, referred to as metal surface particles), and 
insulating particles with which the surface of the particle having the surface made of conductive metal is coaled. With 
this arrangement in which the surface of each metal surface particle is coated with the insulating particles, even in the 
case where, upon circuit boards and the like by using the coated conductive particles of the first aspect of the present 
invention, the circuit boards and the like have fine wires, it is possible to prevent conduction and the like in the lateral 
10 direction from occurring by adjacent conductive particles, and in the longitudinal direction, the metal surface of the 
metal surface particle is exposed by carrying out a thermocornpression bonding process by application of heat and 
pressure so as to positively make conduction. 

[0017] With respect to the above-mentioned metal surface particles, not particularly limited as long as the outermost 
surface thereof is made of conductive metal, examples thereof include: particles made of only metal; particles in which 

15 a metal layer is formed on the surface of each of core particles made from an organic compound or an inorganic 
compound, by vapor deposition, plating, coating or the like; and particles in which metal particles are introduced onto 
the surface of each of insulating core particles. Among these, with respect to those particles in which a conductive 
metal layer is formed on the surface of each of core particles made from a resin, when the coated conductive particles 
of the present invention are used for an anisotropic conductive material, those particles are deformed upon contact- 

20 bonding electrodes to each other thereby to increase the contact area, so that they are preferably used from the view- 
point of connection stability. 

[0018] With respect to the above-mentioned metal, not particularly limited as long as it has conductivity, examples 
thereof include: metals such as gold, silver, copper, platinum, zinc, iron, tin, lead, aluminum, cobalt, indium, nickel, 
chromium, titanium, antimony, bismuth, germanium, cadmium and silicon; and metal compounds such as ITO and 
25 solder. 

[001 9] The above-mentioned metal layer may have a single-layer structure or a laminated structure having a plurality 
of layers. In the case of the laminated structure, the outermost layer is preferably made of gold. By using gold as the 
outermost layer, it becomes possible to provide high corrosion resistance and small contact resistance, and conse- 
quently to achieve superior coated conductive particles. 

30 [0020] With respect to the method for forming the conductive metal layer on the surface of each of the core particles 
made from a resin, although not particularly limited, examples thereof include known methods such as a physical metal 
vapor deposition method and a chemical electroless plating method, and from the viewpoint of simple processes, the 
electroless plating method is preferably used. With respect to the metal layer formed by the electroless plating process, 
for example, gold, silver, copper, platinum, palladium, nickel, rhodium, ruthenium, cobalt, tin and alloys of these and 

35 the like are exemplified; and in the coated conductive particles of the present invention, one portion or the entire portion 
of the metal layer is preferably formed by the electroless nickel plating, since this method makes it possible to form an 
uniform coating layer with high density. 

[0021] With respect to the method for forming a gold layer as the outermost layer of the above-mentioned metal 
layer, not particularly limited, for example, known methods, such as electroless plating, substitution plating, electric 

40 plating and sputtering, are used. 

[0022] With respect to the thickness of the metal layer, although not particularly limited, the lower limit value is pref- 
erably set to COOSfLim, and the upper limit value is preferably set to 1|xm. In the case of the thickness of less than 
0.005p,m, it sometimes becomes difficult to obtain sufficient effects as the conductive layer; and in the case of the 
thickness of more than 1pxn, the specific gravity of the resulting coated conductive particles becomes too high, or the 

45 hardness of the core particles made from a resin becomes too high to be sufficiently deformed. The lower limit value 
is more preferably set to 0.01 u.m, and the upper limit value is more preferably set to 0.3um. 

[0023] Moreover, in the case where a gold layer is used as the outermost layer of the above-mentioned metal layer, 
the lower limit of the thickness of the gold layer is preferably set to 0.001|xm, and the upper limit thereof is preferably 
set to less than 0.5u,m. In the case of the thickness of less than 0.001 urn, it becomes difficult to coat the metal layer 

50 uniformly, with the result that the improved effects in corrosion resistance and contact resistance value are no longer 
achieved, and in the case of the thickness of more than O.Sujn, the layer becomes expensive in comparison with its 
effects. The lower limit value is more preferably set to 0.01 u.m, and the upper limit value is more preferably set to 0.1 um. 
[0024] In the case where each of the metal surface particles comprise a core particle madef rom an organic compound 
and a metal layer formed on the surface thereof, not particularly limited, the core particles are made from, for example, 

55 polyolefins such as polyethylene, polypropylene, polystyrene, polypropylene, polyisobutylene and polybutadiene, acryl- 
ic resins such as polymethylmethacrylate and polymethylacrylate, polyalkylene terephthalate, polysulfone, polycar- 
bonate, polyamide, phenolic resins such as phenol formaldehyde resin, melamine resins such as melamine formalde- 
hyde resin, benzoguanamine resins such as benzoguanamine formaldehyde resin, urea formaldehyde resin, epoxy 
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resins, (un)satu rated polyester resins, polyethylene terephthalate, polysulfone, polyphenylene oxide, polyacetal, poly- 
imide, poiyamidimide, polyetherether ketone, polyether suifone, and the like. Among these, those core particles, which 
are made from a resin formed by polymerizing one kind or two kinds or more of various polymerizable monomers 
having an ethylenic unsaturated group, are preferably used since they easily provide a preferable hardness. 
5 [0025] The polymerizable monomer having an ethylenic unsaturated group may be a non-crosslinking monomer or 
a crosslinking monomer. 

[0026] With respect to the non-crosslinking monomer, examples thereof include; styrene-based monomers, such as 
styrene, a-methylstyrene, p-methylstyrene, p-chlorostyrene and chloromethylstyrene; carboxylic-group containing 
monomers such as (meth)acrylic acid, maleic acid and maleic anhydride; alkyl(meth)acrylates such as methyl(meth) 

10 acrylate, ethyl(meth)acrylate, propyl (meth) acrylate, butyl(meth)acrylate, 2-ethythexyl(meth)acrylate, lauryl(meth)acr- 
ylate, cetyl (meth) acrylate, stearyl(meth)acrylate, cyclohexyl(meth)acrylate, isobornyl(meth)acrylate, ethylene glycol 
(meth)acrylate, trifluoroethyl (meth) acrylate and pentafluoropropyl (meth)acrylate; oxygen-atom-containing (meth)acr- 
ylates such as 2-hydroxyethyl(meth)acrylate, glycerol (meth) acrylate, polyoxyethylene (meth)acryiate and glycidyl 
(meth) acrylate; nitrile-containing monomers such as (meth) aery lonitrile; vinyl ethers such as methyl vinyl ether, ethyl 

15 vinyl ether and propyl vinyl ether; acid vinyl esters such as vinyl acetate, vinyl butyrate, vinyl laurate, vinyl stearate, 
vinyl fluoride, vinyl chloride and vinyl propionate; and unsaturated hydrocarbons such as ethylene, propylene, butylene, 
methyl pentene, isoprene and butadiene. 

[0027] With respect to the above-mentioned crosslinking monomers, examples thereof include: multifunctional 
(meth)acrylates s such as tetramethylolmethane tetraOnethOacrylate, tetramethylolmethane tri(meth)acrylate, tetrame- 

20 thylolmethane di (meth) acrylate, trimethyloipropane tri(meth)acrylate, dipentaerythritol hexa(meth)acryiate, dipentaer- 
ythritol penta(meth)acrylate, glycerol tri(meth)acrylate, glycerol di(meth)acrylate, polyethylene glycol di (meth) aery late 
and polypropylene glycol di(meth)acrylate; diallyl ethers such as triallyl (iso)cyan urate, triallyl trimellitate, divinyl ben- 
zene, diallyl phthalate and diallyl acrylamide; silane-containing monomers such as y-(meth)acryloxy propyl trimethox- 
ysilane, trimethoxy silylstyrene and vinyl trimethoxysilane; dicarboxylic acids such as phthalic acid; diamines; diallyl 

25 phthalate, benzoguanamine, triallyl isocyanate and the like. 

[0028] The lower limit of the average particle size of the above-mentioned core particles is preferably set to 0.5u.m, 
and the upper limit thereof is preferably set to 100pm When the average particle size is less than 0.5um, aggregation 
may occur upon forming a metal layer, with the result that the resulting coated conductive particles, manufactured by 
using the core particles having the aggregation, may cause short-circuiting between adjacent electrodes, and when 

30 the average particle size is more than 1 OOum, the metal layer of the resulting coated conductive particles is susceptible 
to separation, resulting in poor connecting reliability. The lower limit is more preferably set to 1u.m, and the upper limit 
is more preferably set to 20u,m. Here, the average particle size of the above-mentioned core particles can be found by 
statistically processing particle sizes measured by using an optical microscope, an electronic microscope, a Coulter 
Counter and the like. 

35 [0029] The variation coefficient of the average particle size of the core particles is preferably set to not more than 
10%. The variation coefficient of more than 10% makes it difficult to desirably control the gap between electrodes that 
face each other by using the resulting coated conductive particles. Here, the term, Variation coefficient", used herein 
refers to a numeric value obtained by dividing the standard deviation derived from the particle-size distribution by the 
average particle size. 

40 [0030] The lower limit of the 10% K value of the above-mentioned core particles is preferably set to 1 000 MPa, and 
the upper limit thereof is preferably set to 15000 MPa. When the value is less than 1000 MPa, the strength of the 
resulting coated resin particles becomes insufficient; therefore, when compressed and deformed, the particles maybe 
broken, failing to exert functions as a conductive material. In contrast, when the value is more than 15000 MPa, the 
electrodes may be damaged. The lower limit is more preferably set to 2000 MPa, and the upper limit is more preferably 

45 set to 10000 MPa. Here, the above-mentioned 10% K value is obtained by testing processes in which: a minute com- 
pression tester (for example, PCT-200 made by Shimadzu Corporation, and the like) is used, and particles are com- 
pressed by the end face of a smooth indenter formed by a column made of diamond with a diameter of 50jjm, under 
conditions of a compression rate of 2.6 mN/sec and a maximum test load of 10 g so that a compression dislocation 
(mm) is measured, and the corresponding value is obtained by the following equation: 



50 



-3/2 ^-1/2 



K value(N/mm ) = (3/V2) -F-S -R 

F: load value (N) in 10% compression deformation of particles 
55 S: compression dislocation (mm) in 10% compression deformation of particles 

R: radius (mm) of particles 

[0031] Here, in order to obtain core particles of which 10% K value satisfies the above-mentioned conditions, the 
core particles are preferably formed by a resin that is prepared by polymerizing the above-mentioned polymerizable 
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monomer having an ethylenic unsaturated group, and in this case, at least not less than 20 weight % of the cross- 
linking monomer is preferably contained therein as a constituent component. 

[0032] The core particles are preferably allowed to have a recovery rate of not less than 20%. In the case of the 
recovery rate of less than 20%, since, upon compressing the resulting coated conductive particles, the deformed par- 
5 tides fail to return to its original state, defective connection may occur The recovery rate is more preferably set to not 
less than 40%. Here, the above-mentioned recovery rate refers to a recovery rate obtained after imposing a load of 
9.8 mN to the particles. 

[0033] With respect to the above-mentioned insulating particles, not particularly limited as long as the particles have 
an insulating property, examples thereof include those particles made from an insulating inorganic substance such as 
10 silica, in addition to those particles made from an insulating resin. Among these, those particles made from an insulating 
resin are preferably used. With respect to the above-mentioned insulating resin, not particularly limited, for example, 
those resins for use in the above-mentioned core particles may be used. These resins may be used alone, or two or 
more kinds thereof may be used in combination. 

[0034] Although varied depending on the particle size of the metal surface particles and the applications of the coated 

15 conductive particles, the particle size of the insulating particles is preferably set to not more than 1/10 of the particle 
size of the metal surface particles. In the case of the particle size of more than 1/1 0, the particle size of the insulating 
particles becomes too great, with the result that the effects of the application of the metal surface particles are no 
longer expected. Moreover, in the case of the particle size of not more than 1/10, upon manufacturing the coated 
conductive particles of the present invention by a hetero-aggregation method, it is possible to effectively adsorb the 

20 insulating particles onto the metal surface particles. Moreover, in the case where the coated conductive particles of 
the present invention are used as an anisotropic conductive material, the particle size of the insulating particles is 
p re f era biy set in a range from 5 to 1000 nm. In the case of the particle size of less than 5 nm, since the distance 
between the adjacent coated conductive particles becomes smaller than a hopping distance of electrons, leaking may 
occur, and iathecase of the particle size of more than 1 000 nm, a pressure and heat required upon thermocompression 

25 bonding become too great. More preferably, the particle size is set in a range from 1 0 to 500 nm. 

[0035] Additionally, two kinds of insulating particles having respectively different particle sizes may be used in com- 
bination since this arrangement allows smaller insulating particles to enter gaps formed between greater insulating 
particles serving as a coating layerto improve the coating density. In this case, the particle size of the smaller insulating 
particles is preferably set to not more than 1/2 of the particle size of the larger insulating particles, and the number of 

30 the smaller insulating particles is preferably set to not more than 1/4 of the number of the larger insulating particles. 
[0036] The above-mentioned insulating particles are preferably allowed to have a CV value of the particle size of not 
more than 20%. In the case of the CV value of more than 20%, the thickness of the resulting coating layer of the coated 
conductive particles becomes nonuniform, with the result that it becomes difficult to apply a pressure uniformly upon 
conducting thermocompression-bonding processes between electrodes, and the subsequent defective conduction may 

35 occur. Here, the CV value of the above-mentioned particle size is calculated from the following equation: 

CV value (%) of particle size 
4Q = standard deviation of particle size / average 

particle size x 100 



[0037] With respect to the measuring method for the above-mentioned particle-size distribution, prior to the coating 
45 of the metal surface particles, measurements can be carried out by using a grain-size distribution meter or the like, 
and after the coating thereof, measurements can be carried out by using an image analysis or the like of SEM photo- 
graphs. 

[0038] With respect to the above-mentioned insulating particles, preferably, not more than 20% of the surface area 
is brought into contact with the surface of each of the metal surface particles. In the case of the value of more than 

50 20%, the deformation of the insulating particles becomes greater, making the thickness of the coating layer of the 
resulting coated conductive particles nonuniform, or making the bonding force between the insulating particles and the 
metal surface particles too strong; thus, even when contact-bonding processes are carried out between the electrodes, 
the insulating particles are not removed, with the result that defective conduction may occur. Here, with respect to the 
lower limit, not particularly limited, it may be virtually set to 0% in the case where the insulating particles and the metal 

55 surface particles are bonded by, for example, a polymer having a long chain, or the like. 

[0039] The above-mentioned insulating particles are preferably allowed to have a positive charge. When the particles 
have a positive charge, it is possible to bond them to the metal surface particles by a hetero aggregation method, which 
will be described later, and 'since the above-mentioned insulating particles are made electrostatically repulsive from 
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one another, it becomes possible to prevent the insulating particles from mutually aggregating with one another, and 
consequently to form a single coating layer. In other words, when the insulating particles are positively charged, the 
insulating particles are allowed to adhere onto each of the metal surface particles as a single layer. Moreover, in the 
case where such a positive charge is derived from an ammonium group or a sulfonium group, this group also serves 

5 as a functional group (A) having a bonding property to metal, which will be described later, allowing the insulating 
particles to directly form a chemical bond to the metal of the surface of each of the metal surface particles with ease. 
Therefore, the above-mentioned insulating particles are preferably made from a resin having an ammonium group or 
a sulfonium group. In particular the particles are more preferably made from a resin containing a sulfonium group. 
[0040] With respect to the insulating particles having a positive charge, examples thereof include those formed by 

io mixing a polymerizable monomer having a positive charge therein upon manufacturing the insulating particles, those 
formed by a polymerizing process using a radical initiator having a positive charge and those formed by using a dis- 
persion stabilizer or an emulsifier having a positive charge. Two or more kinds of these may be used in combination. 
Among these, the method using a polymerizable monomer having a positive charge or the method using a radical 
initiator is preferably adopted. 

15 [0041] With respect to the polymerizable monomer having a positive charge, examples thereof include: ammonium- 
containing monomers such as N,N-dimethylarninoethyl methacrylate, N,N-dimethylaminopropyl acrylamide and N,N, 
N-trimethyl-N-2-methacryloyloxyethyt ammonium chloride, and monomers having a sulfonium group, such as meth- 
acrylic acid phenyldimethylsulfoniummethyl sulfate. With respect to the radical initiator having a positive charge, ex- 
amples thereof include: 2 ! 2 , -azobis{2~methyl-N-[2-(1 -hydroxy-butyl)]-propion amide}, 2,2 l -azobis[2~(2-imidazoline- 

20 2-yl)propane], 2,2'-azobis(2-amidinopropane) and salts of these. 

[0042] With respect to the coated conductive particles of the first aspect of the present invention, the above-men- 
tioned metal surface particles and the insulating particles are chemically bonded via a functional group (A) having a 
bonding property to metal. The chemical bond provides a greater bonding force in comparison with a bonding force 
derived from only Van der Waals force and electrostatic force so that it becomes possible to prevent the separation of 

25 insulating particles from the metal surface particles when dispersed in a binder resin or the like as well as separation 
to cause leaking upon contact with the adjacent particles when the coated conductive particles are used as an aniso- 
tropic conductive material. Moreover, the chemical bond is formed only between the metal surface particles and the 
insulating particles, with no insulating particles being mutually bonded; therefore, the coating layer is formed by the 
insulating particles as a single layer. For this reason, when particles having properly adjusted particle sizes are used 

30 as the metal surface particles and the insulating particles, it is possible to easily prepare an uniform particle size for 
the coated conductive particles of the present invention. 

[0043] With respect to the above-mentioned functional group (A), not particularly limited as long as it is capable of 
forming an ionic bond, a covalent bond or a coordinate bond with metal, examples thereof include: a silane group, a 
silanol group, a carboxyl group, an amino group, an ammonium group, a nitro group, a hydroxyl group, a carbonyl 

35 group, a thiol group, a sulfonic acid group, a sulfonium group, a boric acid group, an oxazoline group, a pyrrolidone 
group, a phosphoric acid group and a nitrile group. Among these, those functional groups capable of forming a coor- 
dinate bond are preferably used, and functional groups having S : N or P atoms are preferably used. For example, in 
the case where gold is used as the metal, those functional groups having S atoms that form a coordinate bond to gold, 
such as a thiol group and a sulfide group, are more preferably used. 

40 [0044] With respect to the method for allowing the metal surface particles and the insulating particles to be chemically 
bonded to each other by using functional group (A), although not particularly limited, for example, 1) a method for 
introducing insulating particles, each having functional group (A) on its surface, onto the surface of each of the metal 
surface particles, and 2) a method in which functional group (A) and a compound having a reactive functional group 
(B) are directed onto the metal surface and each functional group (B) is allowed to react with the insulating particles 

45 by one step or multiple steps of reactions so as to be bonded to each other may be proposed. 

[0045] With respect to the above-mentioned method 1), in the method for forming the insulating particles having 
functional group (A) on the surface thereof, not particularly limited, examples thereof include a rtiethod for mixing a 
monomer having functional group (A) in the insulating particles upon manufacturing the insulating particles; a method 
for directing functional group (A) to the surface of each of the insulating particles by a chemical bond; a method for 

50 chemically processing the surface of each of the insulating particles so that the surface is modified to have functional 
group (A); and a method for modifying the surface of each of the insulating particles to have functional group (A) by a 
plasma treatment or the like. 

[0046] With respect to the above-mentioned method 2), for example, a method is proposed in which: a compound, 
which has functional group (A) and reactive functional group (B), such as hydroxyl group, carboxyl group, amino group, 
55 epoxy group, siiyl group, silanol group and isocyanate group, in the same molecule is allowed to react with the metal 
surface particles, and this is then allowed to react with organic compound particles, each having a functional group 
capable of forming a covalent bond with reactive functional group (B) on its surface. With respect to the compound 
having functional group (A) and reactive functional group (B) in the same molecule, examples thereof include 2-ami- 
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noethane thiol and p-aminothiophenol. In the case where 2-aminoethane thiol is used, 2-aminoethane thiol is bonded 
to the surface of each of the metal surface particles via an SH group, with an amino group on the other side being 
allowed to react with, for example, insulating particles, each having an epoxy group, a carboxyl group or the like on its 
surface; thus, it becomes possible to bond the metal surface particles to the insulating particles. 

5 [0047] When the connecting processes between electrodes are carried out by using the coated conductive particles 
of the first aspect of the present invention, a thermocompression-bonding process is conducted by applying heat and 
a pressure so that the metal surface of each of the metal surface particles is exposed so as to allow conduction. Here, 
the expression, "the metal surface is exposed", refers to a state in which the metal surface of the metal surface particles 
is directly brought into contact with the electrode without being interrupted by the insulating particles. With respect to 

10 conditions for the above-mentioned thermocompression-bonding, although not necessarily limited depending on the 
density of the coated conductive particles in the anisotropic conductive material and the kinds of the electronic parts 
to be connected, the temperature is normally set in a range from 120 to 220°C with the pressure being set in a range 
from 9.8x1 0 4 to 4.9x1 0 6 Pa. 

[0048] With respect to the mode in which the metal surface of each of the metal surface particles is exposed, the 
15 following three modes are considered. 

[0049] The first mode is prepared as an arrangement in which upon thermocompression-bonding, the insulating 
particles are fused so that the metal surface of each of the metal surface particles is exposed. 

[0050] The second mode is prepared as an arrangement in which upon thermocompression-bonding, the insulating 
particles are deformed so that the metal surface of each of the metal surface particles is exposed. 
20 [0051] The third mode is prepared as an arrangement in which upon thermocompression-bonding, the metal surface 
particles and the insulating particles are separated from each other so that the metal surface of each of the metal 
surface particles is exposed. 

[0052] Among these, it is preferable to use the second mode to expose the metal surface of each of the metal surface 
particles so as to allow conductive connection, in the case of the first mode, the fused insulating particles may bleed 

25 out to pollute the binder resin and the circuit boards, or the coating layer for insulating the gap between the adjacent 
coated conductive particles is also fused, failing to provide a sufficient insulating property, and in the case of the third 
mode, when, upon thermocompression-bonding, the metal surface particles and the insulating particles are aligned in 
the contact-bonding direction, the insulating particles are sandwiched between the metal surface particles and the 
circuit board, and are not separated in some cases, resulting in degradation in connection reliability. 

30 [0053] As to wh ich mode is used to expose the metal surface of each of the metal surface particles to allow conductive 
connection, normally, it is controlled based upon on the relative relationship between the hardness of the metal surface 
particles and the hardness of the insulating particles, although it depends on thermocompression-bonding conditions 
and the like. Here, the term, "the hardness of the particles", refers to a relative hardness under a thermocompression- 
bonding condition, and for example, in the case where the softening temperature of the insulating particles is low in 

35 comparison with the metal surface particles and when only the insulating particles are allowed to soften under the 
thermocompression-bonding condition, the insulating particles are relatively softer. 

[0054] In the case where the insulating particles are relatively softer than the metal surface particles, normally, the 
above-mentioned first or second mode is used so that the metal surface of each of the metal surface particles is 
exposed to allow conductive connection. In other words, for example, when those particles having a melting point lower 

40 than the thermocompression-bonding temperature are used as the insulating particles, the insulating particles are 
softer under the thermocompression-bonding condition, with the result that the insulating particles are fused to flow, 
thereby exposing the metal surface of each of the metal surface particles. Further, when those particles which have a 
melting point higher than the thermocompression-bonding temperature, but have a softening point lower than the ther- 
mocompression-bonding temperature are used as the insulating particles, the insulating particles are softer under the 

45 thermocompression-bonding condition, the insulating particles are deformed and broken, thereby exposing the metal 
surface of each of the metal surface particles. With respect to such materials that have a melting point higher than the 
thermocompression-bonding temperature, but have a softening point lower than the thermocompression-bonding tem- 
perature, examples thereof include: crosslinking resins; and rubbers such as natural rubber and synthesized rubber. 
[0055] In contrast, in the case where the insulating particles are harder than the metal surface particles, normally, 

50 the above-mentioned third mode is used so that the metal surface of each of the metal surface particles is exposed to 
allow conductive connection. In other words, for example, when such coated conductive particles are placed between 
electrodes to a thermocompression-bonding process, a stress is exerted between the metal surface particles and the 
insulating particles due to the contact-bonding process, and when this stress is more than the bonding force derived 
from the chemical bonding, the insulating particles are released from each of the metal surface particles, with the result 

55 that the metal surface of each of the metal surface particles is exposed. 

[0056] With respect to the relative relationship between the hardness of the metal surface particles and the hardness 
of the insulating particles : for example, in the case where particles comprising core particles made from a resin and a 
conductive metal layer that is formed on the surface of each of the core particles are used as the above-mentioned 
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metal surface particles, with a resin having an insulating property being used as the insulating particles, the adjustments 
can be made by properly selecting a) a kind of resin to be used as the core particles of the metal surface particles and 
a kind of resin to be used as the insulating particles; b) a crosslinking degree of the resin to be used as the core particles 
of the metal surface particles and a crosslinking degree of the resin to be used as the insulating particles; and c) a kind 
5 of metal and a thickness of a metal layer used for the metal surface particles and a kind of resin to be used as the 
insulating particles. 

[0057] Here, in order to expose the metal surface of each of the metal surface particles, the coating rate of the 
insulating particles, that is, the area occupied by a portion coated with the insulating particles in the entire surface area 
of each of the metal surface particles, is preferably set in a range from 5 to 50%. In the case where the area is less 

10 than 5%, the adjacent coated conductive particles may mutually have an insufficient insulating property; in contrast, 
in the case where the area is more than 50%, with respect to the first mode, the amount of insulating particles to be 
fused and removed increases, with the result that heat and pressure need to be applied in a manner so as to be more 
than the required levels and that the removed resin may cause degradation in performances of the binder resin; with 
respect to the second mode, even if the insulating particles are deformed and broken, the metal surface sometimes is 

15 not sufficiently exposed; and with respect to the third mode, in order to push the adjacent insulating particles aside to 
separate the insulating particles in the thermocompression-bonding direction, a pressure needs to be applied in a 
manner so as to be more than the required level, and the insulating particles may be sandwiched between the metal 
surface particles and the electrodes, causing a higher possibility of defective conduction. 

[0058] The following description will further discuss adjustments of the relative relationship between the hardness 
20 of such metal surface particles and the hardness of such insulating particles. For example, in the case where those 
particles that are made from a comparatively hard material, such as a comparatively hard metal like copper, nickel, 
iron and gold; a comparatively hard metal compounds like aluminum nitride; inorganic particles like silica; or a material 
composed of a core particle made from a resin in which the blended amount of a crosslinking monomer is not less 
than 50% by weight, and a metal layer formed thereon, are selected as the above-mentioned metal surface particles, 
25 the following materials are selected as the above-mentioned insulating particles so that an alignment is properly made 
as to which mode is used for exposing the metal surface of each of the metal surface particles to allow conductive 
connection. 

[0059] In other words, for example, when a resin which has a blended amount of a crosslinking monomer of less 
than 1% by weight and a melting temperature in a range from 60 to 220°C is selected as the insulating particles, the 

30 first mode is presumably adopted so that the metal surface of each of the metal surface particles is exposed to allow 
conductive connection. In this case, the gel fraction of the insulating particles is preferably set to not more than 50%. 
With respect to the material for such insulating particles, for example, a methyl methacrylate/styrene copolymer con- 
taining about 0.5% by weight of divinyl benzene or ethylene glycol dimeth aery late as crosslinking monomers is pro- 
posed. Here, when the melting temperature is less than 60°C, the coated conductive particles may be adhered with 

35 one another upon transportation and storage. Moreover, in the case where the blended amount of the crosslinking 
monomer is 0%, the particles may be dissolved in an organic solvent upon dispersing a binder resin and the like. 
[0060] Moreover, for example, when a resin which has a blended amount of a crosslinking monomer of 1 to 20% by 
weight and a softening temperature of 60 to 220°C is selected as the material for the insulating particles, the second 
mode is presumably adopted so that the metal surface of each of the metal surface particles is exposed to allow 

40 conductive connection. In this case, the gel fraction of the insulating particles is preferably set to not less than 50%. 
With respect to the material for such insulating particles, for example, a methyl methacrylate/styrene copolymer con- 
taining about 3% by weight of divinyl benzene as a crosslinking monomer, and a resin containing about 5% by weight 
of divinyl benzene or ethylene glycol dimethacrylate are proposed. 

[0061] Furthermore, for example, when a resin, which have a blended amount of a crosslinking monomer of not less 
45 than 50% by weight and are not softened and inorganic particles, are selected as the materials for the insulating 
particles, the third mode is presumably adopted so that the metal surface of each of the metal surface particles is 
exposed to allow conductive connection. In this case : the gel fraction of the insulating particles is preferably set to not 
less than 80%. With respect to the material for such insulating particles, for example, a resin containing about 80% by 
weight of divinyl benzene and pentaerythritol tetracrylate as crosslinking monomers, silica, aluminum nitride and the 
so like are proposed. 

[0062] Among these, a combination of a resin containing not less than 50% by weight of a crosslinking monomer 
serving as core particles, metal surface particles having a nickel/gold layer as a metal layer and insulating particles 
made from astyrene copolymer resin containing 2 to 5% by weight of a multifunctional (meth)acrylate, such as divinyl 
benzene, ethylene glycol dimethacrylate and pentaerythritol tetracrylate, as crosslinking monomers is one of the most 
55 superior material from the viewpoint of connection reliability, and more preferably used. 

[0063] With respect to the method for forming the coated conductive particles in accordance with the first aspect of 
the present invention, although not particularly limited as long as it is a method for allowing the above-mentioned 
insulating particles to contact the surface of each of the metal surface particles to be chemically bonded thereto, for 
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example, a method, which includes a step 1 in which at least insulating particles are allowed to aggregate on each of 
particles that has a surface made from conductive metal by a Van der Waals force or an electrostatic interaction in an 
organic solvent and/or water and a step 2 in which the particle having the surface made from conductive metal and 
the insulating particles are chemically bonded to each other, is preferably used. The aggregation method of step 1 is 

5 referred to as a hetero aggregation method, and since this method ensures a swift chemical reaction between the 
metal surface particles and the insulating particles by solvent effects, it is not necessary to apply an excessive pressure 
and it is possible to easily control the temperature of the entire system; therefore, the insulating particles are less 
susceptible to deformation or the like due to heat. In contrast, when the insulating particles are directed by a conven- 
tional dry method using a high-speed stirrer, a hybridizer or the like, an excessive pressure or load such as frictional 

10 heat may be applied; consequently, in the case where the insulating particles are harderthan the metal surface particles, 
the metal surface particles may be damaged or the metal layer may be separated, and in the case where the insulating 
particles are softer than the metal surface particles and when the glass transition temperature of the insulating particles 
is low, the insulating particles are deformed due to collision against the metal surface particles and frictional heat, 
causing disadvantages that the contact area becomes larger, that the insulating layer thickness becomes nonuniform, 

15 that the insulating particles are laminated and stacked and that the insulating particles are fused to make the coated 
conductive particles joined to each other to fail to form a single particle. 

[0064] With respect to the organic solvent, any solvent may be used without limitation as long as it does not dissolve 
the insulating particles. 

[0065] Another aspect of the present invention, which relates to the method for manufacturing the coated conductive 

20 particles of the first aspect of the present invention, provides a method which comprises at least the steps of a step 1 
of allowing insulating particles to aggregate onto the particle having the surface made of conductive metal by a Van 
der Waals force or an electrostatic interaction in an organic solvent and/or water; and a step 2 of chemically bonding 
the particle having the surface made of conductive metal and the insulating particles to each other. 
[0066] In the coated conductive particles of the first aspect of the present invention, since the metal surface particles 

25 and the insulating particles are chemically bonded to each other, it is possible to prevent the insulating particles from 
separation due to a weak bonding force between the insulating particles and the metal surface, upon dispersing them 
with a binder resin and the like and upon allowing them to contact the adjacent particles. Moreover, since the insulating 
particles form a single coating layer and have a small particle-size distribution of the insulating particles, and since the 
contact area between the insulating particles and the metal surface is constant, it is possible to provide an uniform 

30 particle size with respect to the coated conductive particles. 

[0067] In the case where the coated conductive particles of the first aspect of the present invention are used as an 
anisotropic conductive material, it becomes possible to expose the metal surface of the metal surface particles by a 
thermocompression-bonding process upon connection to ensure positive conduction, and since it is possible to prevent 
the insulating particles from coming off the surface of each of the metal surface particles uniform by a pressure imposed 

35 between the adjacent particles, and consequently to ensure a positive insulating property. 

[0068] The coated conductive particles of the first aspect of the present invention are used for applications such as 
an anisotropic conductive material, a heat-ray reflection material and an electromagnetic-wave shielding material. 
Among these, when dispersed in an insulating binder resin, the coated conductive particles are desirably used as an 
anisotropic conductive material. 

40 [0069] A second aspect of the present invention relates to an anisotropic conductive material formed by dispersing 
the coated conductive particles of the first aspect of the present invention in an insulating binder resin. In the present 
specification, the anisotropic conductive material includes an anisotropic conductive film, an anisotropic conductive 
paste, an anisotropic conductive adhesive, an anisotropic conductive ink and the like. 

[0070] With respect to the method for forming the above-mentioned anisotropic conductive film, not particularly lim- 
45 jted, for example, a method is proposed in which the coated conductive particles of the present invention are suspended 
in a solvent to which a binder resin has been added, this suspended solution is put and drawn on a mold-releasing film 
to form a coat film, and the resulting film formed by evaporating the solvent from the coat film is wound up onto a roll. 
Upon conductive connection by the use of the above-mentioned anisotropic conductive film, the coat film is drawn out 
together with the mold-releasing film, and the coat film is put on an electrode to which it is bonded, and an opposing 
50 electrode is superposed on this to be connected thereto by a thermocompression-bonding process. 

[0071] The above-mentioned anisotropic conductive paste is prepared, for example, by forming an anisotropic con- 
ductive adhesive into paste : and this is loaded into an appropriate dispenser, and applied onto an electrode to be 
connected with a desired thickness, and an opposing electrode is superposed on this and the resin is cured by a 
thermocompression-bonding process so that the connection is made. 
55 [0072] The above-mentioned anisotropic conductive ink is prepared by, for example, by adding a solvent to an ani- 
sotropic condtrctive adhesive to provide appropriate viscosity for printing, and this is screen-printed on an electrode to 
be bonded, and the solvent is then evaporated, and an opposing electrode is superposed on this and subjected to a 
thermocompression-bonding process so that the connection is made. 



10 



iMorv-v-srv ^cd 



EP 1 426 979 A1 



[0073] With respect to the film thickness of the coat film of the above-mentioned anisotropic conductive material, 
preferably, calculations are conducted based upon the average particle size of the coated conductive particles of the 
present invention to be used and the specification of the electrodes to be connected so that the coated conductive 
particles are properly sandwiched between the electrodes to be connected, with a gap between joining circuit boards 
5 being sufficiently filled with the adhesive layer. 

[0074] With respect to the insulating binder resin, not particularly limited as long as it has an insulating property, 
examples thereof include: 

thermoplastic resins such as acrylates, ethylene-viny! acetate resins, styrene-butadiene block copolymers and hydro- 
genated products thereof; styrene-isoprene block copolymers and hydrogenated products thereof thermosetting resins 

to such as epoxy resins, acrylate resins, melamine resins, urea resins and phenolic resins; and resins to be cured by 
ultraviolet rays and electron beams, such as acrylates of polyhydric alcohol, polyester acrylates and unsaturated esters 
of polyhydric carboxylic acid. Among these, adhesives which are cured by heat and/or light are preferably used. 
[0075] In the anisotropic conductive material in accordance with the second aspect of the present invention, a func- 
tional group contained in the insulating particles of the coated conductive particles of the first aspect of the present 

15 invention to be contained therein is preferably chemically bonded to a functional group in a binder resin. The above- 
mentioned insulating particles and the binder resin are chemically bonded to each other so that the coated conductive 
particles of the first aspect of the present invention, dispersed in the binder resin, are allowed to have superior stability, 
and so that it is possible to prevent thermally-fused insulating particles from bleeding out to pollute electrodes and 
liquid crystal: thus, it becomes possible to prepare an anisotropic conductive material that is superior in long-term 

20 connection stability and reliability. 

[0076] With respect to the combination between such insulating particles and the binder resin, the insulating particles 
are preferably allowed to have a functional group such as carboxyl group, epoxy group, isocyanate group, amino group, 
hydroxyl group, sulfone group, silane group and silano! group, and among these, the insulating particles preferably 
contain epoxy group. In contrast, with respect to the binder resin, a (co)polymer, which has a functional group capable 

25 of reacting with these functional groups at normal temperature, under heat or upon irradiation with light, and a monomer 
or the like, which has the above-mentioned reactive functional group, and forms a (co)polymer and a poly-condensation 
product by a polymerizing reaction or a polycondensing reaction, are preferably used. These binder resins may be 
used alone, or two or more kinds of these may be used in combination. 

[0077] With respect to the above-mentioned (co)polymer, not particularly limited, examples thereof include: 

30 polyolefins such as polyethylene and polybutadiene; polyethers such as polyethylene glycol and polypropylene glycol; 
polystyrene, poly(meth)acrylicacid, poly(meth)acry!ate, polyacrylamide, polyvinyl alcohol, polyvinyl ester, phenolic res- 
in, melamine resin, allyl resin, furan resin, polyester, epoxy resin, silicone resin, polyimide resin, polyurethane, fluor- 
oresin, acrylonitrile-styrene copolymer resin, styrene-butadiene copolymer resin, vinyl resin, polyamide resin, polycar- 
bonate, polyacetal, polyether sulfone, polyphenylene oxide, sugar, starch, cellulose and polypeptide. These (co)poly- 

35 mens may be used alone, or two or more kinds of these may be used in combination. 

[0078] Moreover, with respect to the monomer capable of forming the above-mentioned (co)polymer and polyconden- 
sation product, not particularly limited, examples thereof include a vinyl-based monomerthat carries out a polymerizing 
reaction by using, for example, heat, light, an electron beam, a radical polymerization initiator, a polymerization catalyst 
or the like, and a monomer that carries out a polycondensation reaction. These monomers may be used alone or two 

40 or more kinds of these may be used in combination. 

[0079] In addition to the binder resin and the coated conductive particles of the first aspect of the present invention 
that are essential components, to the anisotropic conductive material of the second aspect of the present invention, 
for example, one or two or more kinds of the following various additives may be added within a range so as not to 
impair the objectives of the present invention: a filler, an extender, a softener, a plasticizer, a polymerizing catalyst, a 

45 curing catalyst, a colorant, an antioxidant, a thermal stabilizer, a light-stabilizer, an ultraviolet-ray absorbing agent, a 
lubricant, an antistatic agent and a non-flammable agent. 

[0080] With respect to the method for dispersing the coated conductive particles of the first aspect of the present 
invention in the above-mentioned binder resin, not particularly limited, conventionally known dispersing methods may 
be used; and the following methods are proposed: dispersion methods in which a mechanical shearing force is applied, 

so such as a method in which, after coated conductive particles have been added to a binder resin, this mixture is dispersed 
by a planetary mixer or the like so that the particles are dispersed; a method in which, after coated conductive particles 
have been uniformly dispersed in water or an organic solvent by using a homogenizer or the like, this dispersion solution 
is added to a binder resin and kneaded by a planetary mixer or the like to be dispersed; and a method in which, after 
a binder resin has been diluted by water, an organic solvent or the like, coated conductive particles are added to this 

55 solution, and dispersed and dispersed by using a planetary mixer or the like. These dispersing methods may be used 
alone or two or more kinds of these may be used in combination. 

[0081] With respect to the method for applying a mechanical shearing force, not particularly limited, for example, 
various mixing and stirring devices, such as a planetary stirrer, an universal stirrer, a planetary mixer, a roll, a propeller 
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stirrer and a disper, and various mixing and stirring methods using these devices are used. Here, upon applying the 
above-mentioned mechanical shearing force, preferably, a method and conditions are properly selected so as not to 
apply such a great mechanical shearing force as to damage the structure of the coated conductive particle of the first 
aspect of the present invention to be dispersed in the binder resin. 

5 [0082] With respect to the mode of the anisotropic conductive material of the second aspect of the present invention, 
not particularly limited, for example, an insulating liquid-state or solid-state adhesive is used as a binder resin, and 
coated particles of the present invention are dispersed in this adhesive; thus, an amorphous anisotropic conductive 
adhesive may be formed and applied, or a regular-shape anisotropic conductive film may be used. 
[0083] A third aspect of the present invention relates to a conductive-connection structure formed by conductive- 

10 connecting electronic parts such as IC chips and circuit boards by using the coated conductive particles of the first 
aspect of the present invention or the anisotropic conductive material of the second aspect of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 [0084] The present invention will be described in more detail by way of examples, but the invention is not restricted 
only to these examples. 

1. Preparation of insulating particles [1] to [8] 

20 (1) Preparation of insulating particles [1] 

[0085] To distilled water in a separable flask (1 000 mL) equipped with a four-neck separable cover, a stirring blade, 
a three-way stopcock, a condenser and a temperature probe was added a monomer composition composed of 1 00 
mmol of methyl methacrylate, 1 mmol of N,N,N-trimethyt-N-2-methacryloyloxyethyl ammonium chloride and 1 mmol 
25 of 2,2 , -azobis(2-amidinopropane) dihydrochloride so that its solid component content was set to 5% by weight therein, 
and this was then stirred at 200 rpm, and subjected to a polymerizing process at 70° C in a nitrogen atmosphere for 
24 hours. After completion of the reaction, the resulting matter was frozen and dried to prepare insulating particles [1 ] 
having an average particle-size of 220 nm and a C V value of the particle size of 1 0%, with an ammonium group being 
contained in the surface thereof. 

30 

(2) Preparation of insulating particles [2] 

[0086] The same preparation processes as the insulating particles [1] were carried out except that the monomer 
composition was changed to contain 50 mmol of styrene, 50 mmol of glycidyl methacrylate and 1 mmol of 2,2'-azobis 
35 (2-amidinopropane) dihydrochloride to obtain insulating particles [2] having an average particle-size of 210 nm and a 
CV value of the particle size of 13%, with an amidino group and an epoxy group being contained in the surface thereof. 

(3) Preparation of insulating particles [3] 

40 [0087] Into 500 mL of dehydrated ethanol in a separable flask (1000 mL) equipped with a four-neck separable cover, 
a stirring blade, a three-way stopcock was dissolved 100 mmol of 3-isocyanate propyltriethoxysilane. In this solution 
was dispersed 10 g of silica particles having a particle size of about 200 nm in a nitrogen atmosphere, and stirred at 
room temperature for 12 hours. Unreacted aminopropyltrimethoxysilane was removed therefrom by a centrifugal-sep- 
aration washing process, and the dispersion medium was substituted from ethanol to toluene to prepare a toluene 

45 dispersion solution (solid component content 5%) of insulating particles [3] with an isocyanate group being contained 
in the surface thereof. 

(4) Preparation of insulating particles [4] 

50 [0088] The same preparation processes as the insulating particles [1] were carried out except that the monomer 
composition was changed to contain 50 mmol of glycidyl methacrylate, 50 mmol of methyl methacrylate, 3 mmol of 
ethylene glycol dimethacrylate, 1 mmol of methacrylic acid phenyldimethylsulfoniummethyl sulfate and 2 mmol of 2,2'- 
azobis{2-[N- (2-carboxyethyl)amidino]propane} to prepare insulating particles [4] having an average particle-size of 
1 80 nm and a CV value of the particle size of 7 %, with a sulfonium group and an epoxy group being contained in the 

55 surface thereof. 
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(5) Preparation of insulating particles [5] 

[0089] The same preparation processes as the insulating particles [1] were carried out except that the monomer 
composition was changed to contain 100 mmol of isobutyl methacryiate, 3 mmoi of ethylene glycol dimethacrylate, 3 
5 mmol of methacrylic acid phenyldimethylsulfoniummethy! sulfate and 1 mmol of 2,2'-azobis{2-[N-(2-carboxyethyl) amid- 
ino]propane} to prepare insulating particles [5] having an average particle-size of 1 90 nm and a CV value of the particle 
size of 11%, with a sulfonium group being contained in the surface thereof. 

(6) Preparation of insulating particles [6] 

10 

[0090] The same preparation processes as the insulating particles [1] were carried out except that the monomer 
composition was changed to contain 100 mmol of t-butyl methacryiate, 5 mmol of ethylene glycol dimethacrylate, 1 
mmol of N,N,N-trimethyl-N-2-methacryloyloxyethyl ammonium chloride and 1 mmol of 2,2'-azobis(2-amidinopropane) 
dihydrochloride to prepare insulating particles [6] having an average particle-size of 210 nm and a CV value of the 
15 particle size of 13%, with an ammonium group being contained in the surface thereof. 

(7) Preparation of insulating particles [7] 

[0091] The same preparation processes as the insulating particles [1] were carried out except that the monomer 
20 composition was changed to contain 50 mmol of glycidyl methacryiate, 50 mmol of styrene, 1 0 mmol of ethylene glycol 
dimethacrylate, 10 mmol of divinyl benzene. 1 mmol of methacrylic acid phenyldimethylsulfoniummethyl sulfate and 2 
mmol of 2,2'-azobis{2-[N-(2-carboxyethyl) amidinojpropane} to prepare insulating particles [7] having an average par- 
ticle-size of 190 nm and a CV value of the particle size of 10%, with a sulfonium group and an epoxy group being 
contained in the surface thereof. 

25 

(8) Preparation of insulating particles [8] 

[0092] The same preparation processes as the insulating particles [1] were carried out except that the monomer 
composition was changed to contain 500 mmol of styrene, 2 mmol of sodium p-styrene sulfonate, 1 mmol of potassium 
so persulfate and that distilled water was added thereto to set the solid component content to 1 0% by weight to prepare 
insulating particles [8] having an average particle-size of 120 nm and a CV value of the particle size of 10%, with a 
sulfonic acid group being contained in the surface thereof. 

2. Preparation of metal surface particles [1] and [2] 

35 

(1) Preparation of metal surface particles [1] 

[0093] Core particles made from tetramethylol methane tetracryiate/divinyl benzene having an average particle size 
of 5}xm were subjected to defatting, sensitizing and activating processes to form Pd cores on the surface of core particles 
40 so as to form catalyst cores for electroless plating. Next, these particles were immersed into an electroless Ni plating 
bath that has been initially prepared and heated in accordance with a predetermined method so that a Ni plated layer 
was formed. Next, the surface of the nickel layer was subjected to an electroless substitution gold plating process to 
prepare metal-surface particles. The resulting metal surface particles have a Ni-plating thickness of 90 nm and a gold 
plating thickness of 30 nm. 

45 

(2) Preparation of metal surface particles [2] 

[0094] To 1 000 ml_ of methanol in a separable flask (2000 mL) equipped with a four-neck separable cover, a stirring 
blade and a three-way stopcock was added and dissolved 20 mmol of 2-aminoethane thiol to prepare a reaction solution . 
so [0095] In the reaction solution were dispersed 20 g of metal surface particles [1 ] under a nitrogen atmosphere and 
stirred at room temperature for 3 hours, and unreacted 2-aminoethane thiol was removed therefrom by a filtering 
process, and the resulting matter was washed with methanol, and dried to prepare metal surface particles [2] with an 
amino group serving as a reactive functional group being contained in the surface thereof. 

55 
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3. Preparation of coated conductive particles 
(Example 1) 

s [0096] Insulating particles [1] were dispersed in distilled water under irradiation with ultrasonic wave to obtain an 
aqueous dispersion solution having 10% by weight of insulating particles [1]. 

[0097] In 500 mL of distilled water were dispersed 1 0 g of metal surface particles [1], and to this was added 4 g of 
aqueous dispersion solution of insulating particles [1], and stirred at room temperature for 6 hours. After having been 
filtered through a mesh-filter of 3u,m, this was further washed with methanol, and dried to obtain coated conductive 
10 particles [1]. 

[0098] When each of coated conductive particles [1] was observed under a scanning electronic microscope (SEM), 
only one coating layer was formed on the surface of each of metal surface particles [1 ] by insulating particles [1 ]. When 
the coated area (that is, the projection area of the particle size of each insulating particle) of the insulating particles 
with respect to an area of 2.5{im from the center of the coated conductive particle was calculated by an image analysis, 
15 a coating rate of 30% was obtained. Moreover, a cross-sectional observation by a transmission electronic microscope 
(TEM) showed that a bonding interface between the insulating particles and the metal surface particle was 1 2% of the 
circumference of the insulating particle; therefore, the interface bonding area to the metal surface particle was 12% of 
the surface area of the insulating particle. 

[0099] Coated conductive particles [1] were dispersed in t-butyl alcohol, and weighed so that after the drying process, 
20 the weight of the coated conductive particles was set to 0.00004 g (about 240,000 particles) per 10 x 10 mm on a 
silicon wafer, and after the drying process, a silicon wafer of 10 x 10 mm was put thereon, and after having been 
heated at 200°C for 30 seconds under a pressure of 100 N, the silicon wafer was pulled and separated therefrom. 
When the state of the insulating particles on the surface of the coated particle was observed under an SEM, it was 
found that the metal surface of metal surface particles [1 ] was exposed due to fused insulating particles [1 ] with particles 
25 adhering onto the silicon wafer side being also fused. 

[0100] The results of these tests are shown in Table 1 . 

(Example 2) 

30 [01 01 ] Insulating particles [2] were dispersed in acetone under irradiation with ultrasonic wave to obtain an acetone 
dispersion solution having 10% by weight of insulating particles [2]. 

[0102] In 500 mL of acetone were dispersed metal surface particles [1], and to this was added 4 g of acetone dis- 
persion solution of insulating particles [2], and stirred at room temperature for 12 hours. After having been filtered 
through a mesh-filter of 3jim, this was further washed with methanol, and dried to obtain coated conductive particles [2]. 

35 [01 03] In coated conductive particles [2], only one coating layer was formed on the surface of each of metal surface 
particles [1 ] by insulating particles [2]. When measured in the same method as example 1 , the coating rate thereof was 
70%, and the interface bonding area was 1 5% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1, it was found that the metal surface of metal surface particles [1] was exposed due to fused 

40 insulating particles [2] with particles adhering onto the silicon wafer side being also fused. 
[0104] The results of these tests are shown in Table 1 . 

(Example 3) 

45 [0105] Insulating particles [3] were dispersed in toluene under irradiation with ultrasonic wave to obtain a toluene 
dispersion solution having 10% by weight of insulating particles [3]. 

[0106] In 500 mL of toluene were dispersed metal surface particles [2], and to this was added 4 g of the toluene 
dispersion solution of insulating particles [3], and stirred at room temperature for 4 hours. After having been filtered 
through a mesh-filter of 3jxm, this was further washed with acetone, and dried to obtain coated conductive particles [3]. 

50 [01 07] In coated conductive particles [3], only one coating layer was formed on the surface of each of metal surface 
particles [2] by insulating particles [3]. When measured in the same method as example 1 , the coating rate thereof was 
40%, and the interface bonding area was 5% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [2] was exposed due to separation 

55 of insulating particles [3], and some separated insulating particles [3] were observed on the periphery of each coated 
conductive particle. 

[0108] The results of these tests are shown in Table 1 . 
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(Example 4) 

[0109] Insulating particles [4] were dispersed in acetone under irradiation with ultrasonic wave to obtain an acetone 
dispersion solution having 10% by weight of insulating particles [4]. 

5 [° 110 1 ln 500 mL °f acetone were dispersed metal surface particles [2], and to this was added 1 g of the acetone 
dispersion solution of insulating particles [4], and stirred at room temperature for one hour. After having been filtered 
through a mesh-filter of 3pm , this was further washed with methanol, and dried to obtain coated conductive particles [4]. 
[0111] In coated conductive particles [4], only one coating layer was formed on the surface of each of metal surface 
particles [2] by insulating particles [4]. When measured in the same method as example 1 , the coating rate thereof was 

10 8%, and the interface bonding area was 12% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [2] was exposed due to deformation 
of insulating particles [4], with insulating particles [4] adhering onto the silicon wafer side being also deformed. However, 
neither fused insulating particles [4] nor separated insulating particles [4] were found. 

15 [0112] The results of these tests are shown in Table 1 . 

(Example 5) 

[0113] By using the same method as example 4, an acetone dispersion solution having 1 0% by weight of insulating 

20 particles [4] was obtained. 

[0114] In 500 mL of acetone were dispersed metal surface particles [2], and to this was added 3 g of the acetone 
dispersion solution of insulating particles [4], and stirred at room temperature for 3 hours. After having been filtered 
through a mesh-filter of 3um, this was further washed with methanol, and dried to obtain coated conductive particles [5]. 
[01 15] In coated conductive particles [5], only one coating layer was formed on the surface of each of metal surface 

25 particles [2] by insulating particles [4]. When measured in the same method as example 1 , the coating rate thereof was 
20%, and the interface bonding area was 1 2% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [2] was exposed due to deformation 
of insulating particles [4], with insulating particles [4] adhering onto the silicon wafer side being also deformed. However, 

30 neither fused insulating particles [4] nor separated insulating particles [4] were found. 
[01 1 6] The results of these tests are shown in Table 1 . 

(Example 6) 

35 [01 17] By using the same method as example 4, an acetone dispersion solution having 1 0% by weight of insulating 
particles [4] was obtained. 

[0118] In 500 mL of acetone were dispersed metal surface particles [2], and to this was added 4 g of the acetone 
dispersion solution of insulating particles [4], and stirred at room temperature for 6 hours. After having been filtered 
through a mesh-filter of 3pm, this was further washed with methanol, and dried to obtain coated conductive particles [6]. 

40 [01 19] In coated conductive particles [6], only one coating layer was formed on the surface of each of metal surface 
particles [2] by insulating particles [4]. When measured in the same method as example 1 , the coating rate thereof was 
40%, and the interface bonding area was 12% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [2] was exposed due to deformation 

45 of insulating particles [4], with insulating particles [4] adhering onto the silicon wafer side being also deformed. However, 
neither fused insulating particles [4] nor separated insulating particles [4] were found. 
[0120] The results of these tests are shown in Table 1 . 

(Example 7) 

50 

[0121] Insulating particles [5] were dispersed in acetone under irradiation with ultrasonic wave to obtain an acetone 
dispersion solution having 10% by weight of insulating particles [5]. 

[0122] In 500 mL of acetone were dispersed metal surface particles [1], and to this was added 4 g of the acetone 
dispersion solution of insulating particles [5], and stirred at room temperature for 6 hours. After having been filtered 
55 through a mesh-filter of 3pm, this was further washed with methanol, and dried to obtain coated conductive particles [7]. 
[0123] In coated conductive particles [7], only one coating layer was formed on the surface of each of metal surface 
particles [1] by insulating particles [5]. When measured in the same method as example 1 , the coating rate thereof was 
30%, and the interface bonding area was 12% of the surface area of the insulating particle. Moreover, when the state 
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thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [1 ] was exposed due to deformation 
of insulating particles [5], with insulating particles [5] adhering onto the silicon waterside being also deformed. However, 
neither fused insulating particles [5] nor separated insulating particles [5] were found. 
5 [0124] The results of these tests are shown in Table 1. 

(Example 8) 

[01 25] Insulating particles [6] were dispersed in acetone under irradiation with ultrasonic wave to obtain an acetone 

10 dispersion solution having 10% by weight of insulating particles [6]. 

[0126] In 500 mL of acetone were dispersed metal surface particles [1], and to this was added 4 g of the acetone 
dispersion solution of insulating particles [6], and stirred at room temperature for 6 hours. After having been filtered 
through a mesh-filter of 3um, this was further washed with methanol, and dried to obtain coated conductive particles [8]. 
[01 27] In coated conductive particles [8], only one coating layer was formed on the surface of each of metal surface 

15 particles [1] by insulating particles [6]. When measured in the same method as example 1 , the coating rate thereof was 
30%, and the interface bonding area was 10% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [1] was exposed due to deformation 
of insulating particles [6], with insulating particles [6] adhering onto the silicon wafer side being also deformed. However, 

20 neither fused insulating particles [6] nor separated insulating particles [6] were found. 
[01 28] The results of these tests are shown in Table 1 . 

(Example 9) 

25 [0129] Insulating particles [7] were dispersed in acetone under irradiation with ultrasonic wave to obtain an acetone 
dispersion solution having 10% by weight of insulating particles [7]. 

[0130] In 500 mL of acetone were dispersed metal surface particles [2], and to this was added 4 g of the acetone 
dispersion solution of insulating particles [7], and stirred at room temperature for 5 hours. After having been filtered 
through a mesh-filter of 3u,m, this was further washed with methanol, and dried to obtain coated conductive particles [9]. 

30 [0131] In coated conductive particles [9], only one coating layer was formed on the surface of each of metal surface 
particles [2] by insulating particles [7]. When measured in the same method as example 1 , the coating rate thereof was 
35%, and the interface bonding area was 8% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that the metal surface of metal surface particles [2] was exposed due to deformation 

35 of insulating particles [7], with insulating particles [7] adhering onto the silicon wafer side being also deformed. However, 
neither fused insulating particles [7] nor separated insulating particles [7] were found. 
[01 32] The results of these tests are shown in Table 1 . 

(Comparative Example 1 ) 

40 

[0133] Insulating particles [8] were dispersed in distilled water under irradiation with ultrasonic wave to obtain an 
aqueous dispersion solution having 10% by weight of insulating particles [8]. 

[0134] In 500 mL of distilled water were dispersed metal surface particles [1], and to this was added 4 g of the 
aqueous dispersion solution of insulating particles [8], and stirred at room temperature for 6 hours. After having been 
45 filtered through a mesh-filter of 3jim, this was further washed with metnanol, and dried to obtain coated conductive 
particles [10]. 

[0135] In coated conductive particles [10], aggregated lumps of insulating particles [8] were formed on the surface 
of each of metal surface particles [1]. When measured in the same method as example 1 , the coating rate thereof was 
50%, and the interface bonding area was 12% of the surface area of the insulating particle. Moreover, when the state 

50 thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , insulating particles [8] on each of coated conductive particles [10] were fused; however, there 
were some coated conductive particles in which the metal surface of each of metal surface particles [1 ] was not exposed, 
and there were some particles adhering onto the silicon wafer side that were not sufficiently fused. The reason for this 
is explained as follows: in the case of coated conductive particles [1 0], since insulating particles [8] form multiple layers, 

55 it is difficult to fuse these so as to be removed and it is also difficult to apply an uniform pressure onto the respective 
insulating particles [8]. 

[0136] The results of these tests are shown in Table 1 . 
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(Comparative Example 2) 

[0137] To a hybridization system were loaded 1 g of vinylidene fluoride resin and 10 g of metal surface particles [1 ] 
so that these were subjected to treatments at 90°C for 3 minutes to obtain coated conductive particles [11] 

5 [0138] In coated conductive particles [1 1 ], a resin layer, made from the vinylidene fluoride resin, was formed on the 
surface of each of metal surface particles [1], When measured in the same method as example 1, the coating rate 
thereof was 60%. Moreover, when the state thereof after having been thermocompression-bonded between silicon 
wafers was observed under an SEM in the same method as example 1 , the vinylidene fluoride resin on coated con- 
ductive particles [1 1] was completely fused so that the metal surface of each of metal surface particles [1] was exposed. 

10 [0139] The results of these tests are shown in Table 1 . 

(Comparative Example 3) 

[0140] To a ball mill were loaded 1 g of silica particles used in forming insulating particles [3] and 10 gof metal surface 
15 particles [1], and mixed for 20 minutes so as- to allow these to electrostatically adhere to one another; thus, coated 
conductive particles [12] were obtained. 

[0141] In coated conductive particles [12], only one layer of silica particles was formed on the surface of each of 
metal surface particles [1 ]. When measured in the same method as example 1 , the coating rate thereof was 30 %, and 
the interface bonding area was 5% of the surface area of the insulating particle. Moreover, when the state thereof after 
20 having been thermocompression-bonded between silicon wafers was observed under an SEM in the same method as 
example 1 , it was found that the metal surface of metal surface particles [1 ] was exposed due to separation of the silica 
particles, and there were some separated silica particles on the periphery of each of the coated conductive particles. 
[0142] The results of these tests are shown in Table 1 . 

25 (Comparative Example 4) 

[0143] The same processes as example 4 were carried out to prepare an acetone dispersion solution having 1 0% 
by weight of insulating particles [4]. 

[0144] In 500 ml_ of acetone were dispersed metal surface particles [2], and to this was added 6 g of the acetone 
30 dispersion solution of insulating particles [4], and stirred at room temperature for 12 hours. After having been filtered 
through a mesh-filter of 3um, this was further washed with methanol, and dried to obtain coated conductive particles 
[13]. 

[01 45] In coated conductive particles [1 3], only one coating layer was formed on the surface of each of metal surface 
particles [2] by insulating particles [4]. When measured in the same method as example 1 , the coating rate thereof was 

35 60%, and the interface bonding area was 12% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1, it was found that although insulating particles [4] were deformed, there were some coated 
conductive particles having metal surface particles [2] whose metal surface was not exposed. This is presumably 
because the high coating density of the insulating particles or the multilayered coating structure thereof makes it difficult 

40 for the metal surface to be exposed. 

[0146] The results of these tests are shown in Table 1 . 

(Comparative Example 5) 

45 [0147] To a ball mill were loaded 1 g of insulating particles [4] and 10 g of metal surface particles [1], and mixed for 
20 minutes so as to allow these to electrostatically adhere to one another; thus, coated conductive particles [1 41 were 
obtained. 

[0148] In coated conductive particles [1 4], 1 to 3 coated layers were formed on the surface of each of metal surface 
particles [1] by insulating particles [4]. When measured in the same method as example 1 , the coating rate thereof was 

50 30%, and the interface bonding area was 8% of the surface area of the insulating particle. Moreover, when the state 
thereof after having been thermocompression-bonded between silicon wafers was observed under an SEM in the same 
method as example 1 , it was found that although some of insulating particles [4] were deformed, many of them were 
separated with the metal surface of metal surface particles [1] being exposed, and there were some separated insulating 
particles on the periphery of each of the coated conductive particles. 

55 [0149] The results of these tests are shown in Table 1 . 
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(Comparative Example 6) 

[0150] To a hybridization system were loaded 1 g of insulating particles [4] and 1 0 g of metal surface particles [2j so 
that these were subjected to treatments at 120°C for 3 minutes to obtain coated conductive particles [15]. 

5 [0151] In coated conductive particles [15], insulating particles [4] covering the surface of each of metal surface par- 
ticles [2] were deformed by heat and impact, and the coated layer was formed by multiple layers. When measured in 
the same method as example 1 , the coating rate thereof was 70 % : and the interface bonding area was 40% of the 
surface area of the insulating particle. Moreover, when the state thereof after having been thermocompression-bonded 
between silicon wafers was observed under an SEM in the same method as example 1, it was found that although 

10 insulating particles [4] were deformed, there were some coated conductive particles having metal surface particles [2] 
whose metal surface was not exposed. This is presumably because the high coating density of the insulating particles 
or the multilayered coating structure thereof makes it difficult for the metal surface to be exposed. 
[0152] The results of these tests are shown in Table 1 . 
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4. Preparation of anisotropic conductive material 
(Example 10) 

5 [0153] Epoxy resin ("Epicoat 828": made by Yuka Shell Epoxy Co., Ltd.) (100 parts) serving as a binder resin and 
trisdimethyl aminoethyl phenol and toluene (100 parts) were sufficiently dispersed and mixed by using a planetary 
stirring device, and this was applied onto a releasing film with a fixed thickness so as to form a thickness of 1 Oum after 
drying, and toluene was evaporated so that an adhesive film without containing coated conductive particles was ob- 
tained. 

10 [0154] Moreover, to the epoxy resin ("Epicoat 828": made by Yuka Shell Epoxy Co., Ltd.) (100 parts) serving as a 
binder resin and trisdimethyl aminoethyl phenol and toluene (100 parts) were added coated conductive particles [1], 
and this was sufficiently dispersed and mixed by using a planetary stirring device to prepare a binder resin dispersion 
matter, and this was then applied onto a releasing film with a fixed thickness so as to form a thickness of 7jim after 
drying, and toluene was evaporated so that an adhesive film containing coated conductive particles [1] was obtained. 

15 Here, the added amount of the coated conductive particles [1] was set so that the content thereof in an anisotropic 
conductive film [1] was 200,000 particles/cm 2 . 

[0155] The adhesive film without containing coated conductive particles was laminated on the resulting adhesive 
film containing coated conductive particles [1] at room temperature so that an anisotropic conductive film [1] having a 
thickness of 17u.m, which had a two-layer-structure, was obtained. 
20 [0156] Here, one portion of the binder resin dispersion matter containing coated conductive particles [1 ] was washed 
with toluene so that coated conductive particles [1] were extracted; thereafter, when the resulting particles were ob- 
served under an SEM, no separation of the insulating particles from the coated conductive particles was confirmed. 

(Examples 11 to 18, Comparative Examples 7 to 12) 

25 

[0157] The same processes as example 10 were carried out except that coated conductive particles [2] to [15], 
obtained in examples 2 to 9 and comparative examples 1 to 6, were respectively used so that anisotropic conductive 
films [2] to [15] were obtained. The thickness of all the anisotropic conductive films was set to 17ujti, with the content 
of all the coated conductive particles being set to 200,000 particles/cm 2 . 

30 [0158] Here, one portion of the binder resin dispersion matter containing coated conductive particles was washed 
with toluene so that coated conductive particles were extracted; thereafter, when the resulting particles were observed 
under an SEM, no separation of the insulating particles from the coated conductive particles was confirmed. However, 
in the case of coated conductive particles [1 0], although the laminated structure no longer existed to virtually form a 
single coated film presumably because the laminated insulating particles were separated therefrom, the coating rate 

35 increased from 50% to 70%. This is presumably because the separated insulating particles re-adhered to the surface. 
Further, in the case of the coated conductive particles [1 2] and [1 4], the coating rates decreased from 30% to less than 
5% respectively presumably due to coming off during the dispersing process. 

[0159] With respect to the anisotropic conductive films [1] to [15] obtained in examples 10 to 18 and comparative 
examples 7 to 12, evaluation was conducted on insulating/conductivity properties and adhesion. The results of eval- 
40 uation are shown in Table 2. 

(Insulating property test between adjacent electrodes) 

[01 60] Pieces of an anisotropic conductive film, cut into a size of 4x18 mm, were bonded onto a silicon wafer circuit 
45 board having a comb-shaped pattern represented in Fig.1 (number of lines: 400, length of overlapped portions: 2 mm, 
line width: 20u.m, line interval: 20um, line height: 18nm), and this was sandwiched between flat glass plates having a 
size of 2 x 12.5 mm and a thickness of 1 mm, and subjected to thermocompression bonding processes under the 
following conditions 1 and 2; thereafter, a resistance value between the electrodes was measured and the rate of values 
of not less than 1 OHl was found. The present tests were carried out under n = 20. 

50 

Condition 1 : heating process for 30 minutes at 150°C under an applied pressure of 20 N. 
Condition 2: heating process for 30 seconds at 200°C under an applied pressure of 200 N. 

(Longitudinal conductivity tests) 

55 

[0161] Pieces of an anisotropic conductive film, cut into a size of 5 x 5 mm, were bonded virtually in the center of 
one of glass circuit boards (width: 1 cm, length: 2.5 cm) on which ITO electrodes (width: 100iim, height: 0.2^m, length: 
2 cm) were formed; thereafter, a glass circuit board having the same ITO electrodes was positioned thereon with the 
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mutual electrodes being overlapped with 90 degrees : and bonded to each other. After the joined portions of the glass 
circuit boards had been thermocompression-bonded under condition 1 and condition 2, the resistance value was meas- 
ured by using a four-terminal method and the rate of values of not more than 5Q. was found. The present tests were 
carried out under n = 20. 

5 

Condition 1 : heating process for 30 minutes at 150°C under an applied pressure of 20 N 
Condition 2: heating process for 30 seconds at 200°C under an applied pressure of 200 N. 

[0162] Moreover, with respect to the anisotropic conductive films [2], [6], [8] and [11], glass circuit boards that had 
10 been thermocompression-bonded under condition 1 were left for 300 hours under cycles of 55°C x 6 hours and 1 20°C 
x 6 hours; thereafter, the resistance value was measured by using a four-terminal method, and the rate of values of 
not more than 5Q. was found, and defined as the conductivity after 300 hours. 

(Evaluation of adhesion) 

15 

[01 63] With respect to the anisotropic conductive films [2], [6], [8] and [11], longitudinal conductivity tests were carried 
out under condition 1 , and after these test circuit boards had been further left for 300 hours under cycles of 55°C x 6 
hours and 1 20° C x 6 hours, the cross-section thereof was observed under an SEM for any interface separation between 
the conductive particles and the insulating particles as well as between the insulating particles and the binder resin. 
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INDUSTRIAL APPLICABILITY 

[0164] In accordance with the present invention, it becomes possible to provide a coated conductive particle having 
superior connection reliability, a method for manufacturing such coated conductive particle, an anisotropic conductive 
5 material and a conductive-connection structure. 



Claims 

10 1. A coated conductive particle comprising a particle having a surface made of conductive metal and an insulating 
particles to coat the surface of the particle having the surface made of conductive metal there with, 

wherein the insulating particles are chemically bonded to the particle having the surface made of conductive 
metal via a functional group (A) having a bonding property to the conductive metal so that a single coating layer 
is formed. 

15 

2. The coated conductive particle according to claim 1 , 

wherein the particle having the surface made of conductive metal comprises a core particle made from a 
resin and a conductive metal layer formed on the surface of the core particle. 

20 3. The coated conductive particle according to claim 1 or 2, 

wherein 5 to 50% of the surface area of the particle having the surface made of conductive metal is coated 
with the insulating particles. 

4. The coated conductive particle according to claim 1 , 2 or 3, 

25 wherein the insulating particles have an average particle size of not more than 1/10 of the average particle 

size of the particle having the surface made of conductive metal. 

5. The coated conductive particle according to claim 1 , 2, 3 or 4, 

wherein the insulating particles have a CV value of the particle size of not more than 20%. 

30 

6. The coated conductive particle according to claim 1 , 2, 3, 4 or 5, 

wherein the insulating particles are brought into contact with the surface of the particle having the surface 
made of conductive metal at not more than 20% of the surface area. 

35 7. The coated conductive particle according to claim 1 , 2, 3, 4, 5 or 6, 

wherein the insulating particles are softer than the particle having the surface made of conductive metal. 

8. The coated conductive particle according to claim 7, 

wherein the insulating particles are made from a cross-linking resin. 

40 

9. The coated conductive particle according to claim 1 , 2, 3, 4, 5 or 6, 

wherein the insulating particles are harder than the particle having the surface made of conductive metal. 

10. The coated conductive particle according to claim 1 , 2, 3, 4, 5, 6, 7, 8 or 9, 
45 wherein the insulating particles have a positive charge. 

11. The coated conductive particle according to claim 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, 

wherein the insulating particles are made from a resin having an ammonium group or a sulfonium group. 

50 12. The coated conductive particle according to claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11 , 

wherein the functional group (A) having a bonding property to metal is a thiol group or a sulfide group. 

13. A method for manufacturing the coated conductive particle according to claim 1 , 2, 3, 4, 5, 6, 7, 8, 9, 1 0, 11 or 12, 
which comprises at least the steps of: 



55 



a step 1 of allowing insulating particles to aggregate onto the particle having the surface made of conductive 

metal by a Van der Waals force or an electrostatic interaction in an organic solvent and/or water; and 

a step 2 of chemically bonding the particle having the surface made of conductive metal and the insulating 
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particles to each other. 

14. An anisotropic conductive material, 

wherein the coated conductive particle according to claim 1 , 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 is dispersed 
5 in an insulating binder resin. 

15. The anisotropic conductive material according to claim 14, 

wherein the binder resin is an adhesive being cured by heat and/or light. 

10 16. The anisotropic conductive material according to claim 14 or 1 5, 

wherein the functional group belonging to the insulating particles of the coated conductive particle is chem- 
ically bonded to the functional group in the binder resrn. 

17. The anisotropic conductive material according to claim 16, 

15 wherein the functional group belonging to the insulating particles of the coated conductive particle to be 

chemically bonded to the functional group in the binder resin is an epoxy group. 

18. The anisotropic conductive material according to claim 14, 15, 16 or 17, 

which is an anisotropic conductive adhesive. 
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19. A conductive-connection structure, 

which is conduction-connected by the coated conductive particle according to claim 1,2,3, 4, 5, 6, 7, 8. 9, 
10, 11 or 12, or the anisotropic conductive material according to claim 14, 15, 16, 17 or 18. 



24 



\ISDOCID:<EP 1426979A1 I > 



EP 1 426 979 A1 



Fig.l 
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(57) An objective of the invention is to provide a 
coated conductive particle having superior connection 
reliability, a method for manufacturing such coated con- 
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A coated conductive particle comprising a particle 
having a surface made of conductive metal and an in- 
sulating particles to coat the surface of the particle hav- 



ing the surface made of conductive metal there with, 
wherein the insulating particles are chemically bonded 
to the particle having the surface made of conductive 
metal via a functional group (A) having a bonding prop- 
erty to the conductive metal so that a single coating layer 
is formed. 
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